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Nestling growth and development studies have 
been a topic of interest for a greater part of the 
last century (Sutton 1935, Walkinshaw 1948) 
and continue to be of interest today. This is not 
surprising since studies on nestling growth can 
provide a wealth of biological information that 
has larger implications for avian management 
and conservation. Despite this history of studying 
nestling development, basic information is still 
limited or absent for many species. Many questions 
remain unanswered, and contradictory conclusions 
are often found in the literature (Starck and Ricklefs 
1998a). Therefore, much information on aging and 
development can still be gained from studying the 
development patterns of similar species and from 
comparative studies, across avian orders (Minea 
et al. 1982, Saunders and Hansen 1989, Carsson 
and Hörnfeldt 1993). Additionally, nestling growth 
studies can yield insight into the effects of different 
nesting strategies on productivity (O’Connor 
1978), as well as the impacts of parental effort and 
environmental variables on fitness (Ross 1980, 
Ricklefs and Peters 1981, Magrath 1991). Since low 
reproductive success may play a significant role in 
the declines of many North American passerines 
(Sherry and Holmes 1992, Ballard et al. 2003), a 
better understanding of the factors that influence 
reproductive success is a vital component of avian 
conservation (Martin 1992). Data on nestling aging 
can be used to improve nest survival estimates 
(Dinsmore 2002, Nur et al. 2004), providing 
information that can be used to more precisely age 
nests (Pinkowski 1975, Podlesack and Blem 2002), 
(Jones and Geupel 2007). Indeed, the relatively short 
time period young spend developing in the nest is 
a critical part of a bird’s life cycle and a nestling’s 
developmental path can affect its survival to 
independence, its survival as an adult, and its future 
reproductive success. 
Nestling Growth
Ornithologists categorize birds over an altricial to 
precocial spectrum, based on differences in the rate 
of growth and type of development young birds will 
undertake (Starck and Ricklefs 1998b). Placement 
into this spectrum depends on various broad 
characteristics such as mobility, feeding behavior, 
presence of down, and parental nest attendance (Gill 
1994). Growth rates are highly variable within the 
altricial to precocial spectrum, with developmental 
periods varying as much as 30-fold (Ricklefs 1983). 
Much of this variation in growth can be attributed, at 
the phylogenetic level, to differences in body mass. 
In general, altricial species can grow at 3-4 times the 
rate of precocial species, and growth rates of birds 
with similar mass can vary by as much as a factor of 
10 (Ricklefs et al. 1998). In this guide, we focus on 
altricial species.
Nestling growth variability has largely been studied 
looking at effects on individual fitness of offspring 
and parents (e.g., Murphy 1983, Magrath 1991, 
Halupka 1998). Differences between populations can 
manifest as morphological differences or differential 
timing in the growth and maturation of certain body 
components (Murphy 1983, Burns 1993). However, 
the growth rate of a single species throughout its 
entire range can sometimes vary little (King and 
Hubbard 1981, Murphy 1983, Pereyra and Morton 
2001).
Variability in nestling growth rates can be due to 
many ecological factors, in conjunction with specific 
species life history strategies; some developmental 
processes might be linked and are also independent 
of the nutritional state of a nestling (Ricklefs 
1968a). Some factors associated with species specific 
growth rates and patterns include nest location, 
synchronicity of hatching, and brood size (Murphy 
1983). Ecological factors that influence nestling 
growth are generally related to limitations in food 
availability (Ricklefs 1993), including weather 
(Petersen et al. 1986), habitat differences and quality 
(Ross 1980, Dawson and Bidwell 2005), parasites 
(Burhans et al. 2000), competition between nest 
mates (Werschkul and Jackson 1979, Ricklefs 1982), 
and parental abilities (Briskie 1995). Additionally, 
higher nest-predation rates may favor higher 
nestling growth rates (Lack 1968, Remes and Martin 
2002, but see Ricklefs 1969). 
At the physiological level, an important factor 
thought to limit growth is “tissue level constraint”, 
where nestlings are growing at a maximum rate 
allowable by the tradeoff existing between resources 
available for growth and mature tissue function 
(Ricklefs et al. 1998). Once certain types of cells 
differentiate into mature functioning tissue, they 
no longer continue to grow (O’Connor 1984). After 
a period of below normal growth, a nestling would 
need to increase its growth rate in order to “catch 
up” to its normal developmental timing. However, 
such compensatory growth has not been shown to 
occur in altricial birds (Schew and Ricklefs 1998, 
Lepczyk and Karasov 2000; but see Remes and 
Martin 2002, Bize et al. 2006). In one study, addition 
of body mass and growth rates in overfed young in 
the laboratory did not differ from that of wild young 
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(Konarzewski et al.1996). These results indicate that 
young may be growing at the maximum rate allowed 
by cell function and physiology. 
Analyzing Growth
An important part of visualizing and analyzing 
nestling growth is the use of fitted growth equations 
(Ricklefs 1967, 1983). When fitted into a growth 
equation, using non-linear regression, three 
components of growth are provided: the rate, 
magnitude, and form of growth. When graphed, 
nestling growth is often shown to increase, reach 
a peak, and finally level off in a sigmoidal shape. 
These equations simplify and allow for comparative 
analysis of growth between and within species. 
Information on adult body weight and size are 
also an important aspect of analyzing growth with 
these equations (O’Connor 1984); adult body size 
measurements are provided for the study species in 
this guide (Appendix A). Alternatively, growth data 
can also be used to build predictive models of age 
(Holcomb and Twiest 1971, Hamel 1974). 
Growth Patterns and Aging
Inherent species specific patterns of growth and 
development can often be used to age nestlings 
(Starck and Ricklefs 1998a). In nestling growth 
patterns, each body component can begin growth 
at a different point in time relative to other 
components, resulting in a staggered growth 
pattern. Specific patterns in this type of growth 
are generally adaptations for nest survival. For 
example, in some species, contour feathers tend to 
rapidly grow and unsheathe before the remiges, 
providing important insulation cover early in life, 
when young cannot self-thermoregulate (Murphy 
1981). In another example, growth of the tarsus or 
gape, important for food acquisition, may proceed 
rapidly during the early nestling stage (O’Connor 
1984). Besides growth, developmental events 
(e.g., pin-feather eruption patterns, eye opening, 
and behavior) can be age specific and are readily 
observed (Ricklefs 1966, Murphy 1981). Thus, using 
a combination of several growth measurements 
can provide reliable aging throughout the nestling 
period (King and Hubbard 1981, Murphy 1981, 
Haggerty 1994, Podlesak and Blem 2002). 
Aging recommendations
The type and number of measurements needed 
for reliable aging may vary among species but 
preliminary analysis of our data shows that wing 
length, tarsus length, weight, and culmen provide 
good predictive models of age. Since nestlings may 
be growing at a maximized rate, age estimates can 
be informed by considering the development of the 
most advanced nestlings, and by using more than 
one nestling. In nests parasitized by Brown-headed 
Cowbird (Molothrus ater), where all the young 
may be receiving less food than normal, aging host 
young may or may not be reliable (Kilner et al. 2004, 
Weatherhead 1989). Aging of the Brown-headed 
Cowbird young may be possible, depending on the 
host species (Scott 1979, Kilpatric 2002). 
With any aging technique, it is important to be 
aware that deviations from normal growth and 
development can occur, preventing accurate 
predictions of age for those individuals. 
Data from known age nests can bring attention 
to abnormal developmental patterns and rates 
in the local populations. Measuring nestlings on 
more than one day can also reveal deviations from 
normal development. Energy restrictions can be a 
source of another type of staggered growth where 
nestlings are forced to allocate resources to areas 
of development more important to their survival 
(Oyan and Anker-Nilssen 1996, Dahdul and Horn 
2003). This could result in some body components 
growing normally, while others slow or stop growing 
completely (Boag 1987, Lepczyk and Karasov 2000). 
Feather developmental events in particular, such as 
pin feather eruption, may proceed normally, despite 
abnormal growth in other body components (Schew 
and Ricklefs 1998). Hence, though measuring 
several variables may help reduce aging error, if any 
abnormal patterns are identified individuals should 
be aged with caution.
Variables Used for Aging
Several measurements of growth have been widely 
used in the literature. We have attempted to be as 
inclusive as possible with the variables used in this 
guide. Given the time restrictions of measuring 
young, we have narrowed the variables to those that 
proved useful in the literature and in field trials. 
Individual feather tracts.––The developmental 
timing of feather tracts tends to follow a consistent 
age related pattern within a species and are the 
most easily noted traits when examining nestlings. 
The flight feathers will often begin to emerge and 
develop in pin before the contour feathers; however, 
contour feathers will often begin to unsheathe 
before the flight feathers (Murphy 1981). Feather 
development may proceed independently of growth 
in body size or mass gain (Ricklefs 1968a). These 
qualities make feather development an important 
component of aging nestlings.
Wing Chord.––Wing chord is another simple 
measurement that is reported often in the literature. 
As part of staggered development, wing growth can 
proceed quickly throughout the nestling stage and 
has been shown to provide a good estimate of age 
(Ricklefs 1975, Haggerty 1994, McCarty 2001).
Weight.––Data on mass gain is the most common 
data published on nestling growth. This may be, in 
part, because it is a relatively easy measurement 
to take. Though nestlings may gain mass at rapid 
levels, mass gain may be more sensitive than other 
parameters to food availability or environmental 
stress and may not always reflect the maturity level 
of a nestling (Boag 1987, Lepczyk and Karasov 
2000). In some species, such as aerial foragers and 
cavity nesters, mass may even reach an asymptotic 
peak above normal adult weight, and then diminish 
to normal levels before fledging (Ricklefs 1968b). 
For these reasons, mass should not be used alone to     3
indicate age. Nevertheless, its wide availability in 
the literature makes mass a practical component of 
nestling aging.
Tarsus.––Tarsus length may grow normally even 
with food restrictions (Best 1977, Lepczyk and 
Karasov 2000). The tarsus is also a part of the 
staggered development seen in nestlings. For 
example, in the Bachman’s Sparrow (Aimophila 
aestivalis), the tarsus was shown to grow quickly 
during the early part of the nestling stage before 
tapering off after day 5 (Haggerty 1994).
Primary and rectrix pin lengths.––Flight feather 
growth proceeds quickly and may be affected by 
factors different from those that affect mass gain 
(Murphy 1985). Also, growth of the remiges may 
not be as erratic as weight gain, making it a more-
reliable age indicator (King and Hubbard 1981, Boag 
1987). While primary pins usually grow rapidly, in 
some species this growth may begin to slow down 
and in some cases length may reach a maximum late 
in the nestling period. Rectrices, on the other hand, 
usually do not begin to develop until the latter half 
of the nestling period, where they proceed to grow 
rapidly. This division in growth schedule allows 
one to measure rapidly growing flight feathers 
throughout the nestling stage.
Culmen.––The culmen can serve as a good age 
indicator since it may grow normally despite food 
restrictions (Lepczyk and Karasov 2000). For 
many species, the culmen is also a relatively simple 
measurement to take.
Eyes.––Nestlings will often begin to open their eyes 
at a predictable age. Thus, this event can serve to 
reinforce age estimates. The date the eyes begin 
to open is especially useful, while the degree of eye 
opening can vary considerably.
Longest broken primary.––The degree of exposed 
primary feather is a development process that may 
proceed independent of growth and can be used to 
reinforce nestling age estimates.
Total length.––Total length is historically an 
important standard measurement (Baldwin et al. 
1931) that is relatively simple and quick to take. 
However, the length can increase quickly, and should 
be used with caution. The position of the young can 
reduce or increase this measurement dramatically.
Gape and rictus.––The gape can grow quickly 
early in the nestling period. However, the rictus 
(soft tissue at base of bill) is very pliable during 
growth, and measurements of the gape can increase 
or decrease greatly between days as the rictus 
contracts and expands. Hence, it should be both 
measured and used with caution.
Physical and behavioral descriptors.––Because 
certain behavioral events can consistently occur at a 
specific age and are easily noted (Ricklefs 1966), they 
are an important part of aging the young. They can 
also prove useful in narrowing age determination 
when growth data places the age of the nestling 
within a certain range.
Yellow-breasted chat (Icteria virens). Chris McCreedy/PRBO
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We had two primary objectives in writing this 
guide, to report and promote research on species 
specific patterns of altricial passerine nestling 
development and aging, and to achieve better 
estimates of nestling ages. We present nestling 
data on seven species of altricial passerines: Dusky 
Flycatcher (Empidonax oberholseri), Carolina Wren 
(Thryothorus ludovicianus), Wrentit (Chamea 
fasciata), Sprague’s Pipit (Anthus spragueii), Song 
Sparrow (Melospiza melodia), Chestnut-collared 
Longspur (Calcarius ornatus), and American 
Goldfinch (Cardeulis tristis). In addition, nestling 
data collection techniques have been highly variable, 
limiting the potential for data sharing, limiting 
comparisons across species and families, and limiting 
the use of data in combined analyses. Therefore, we 
present suggestions for standardizing the collection 
of nestling data in Appendix B. 
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Using the Species Accounts
In the species accounts we report detailed 
information on species-specific nestling 
development.  A primary goal in the design of the 
accounts was to make them as useful as possible 
for those interested in aging nestlings. The first 
page of each account begins with life history 
information for the particular species. This is 
followed immediately by tables listing distinguishing 
developmental criteria (i.e., appearance) and general 
feather development patterns throughout the 
nestling period. On subsequent pages, averages and 
ranges of morphometric data and more-detailed 
descriptions of development are presented on a day-
by-day basis.
Within the tables, we have attempted to list 
morphometric data in descending order of utility. 
Priority is given to characteristics with a fast growth 
rate, high ease and accuracy of measuring, and 
prominence in the literature. Priority was also given 
to those characteristics that proved useful for aging 
via field trials, preliminary analysis, and through 
prior experience aging altricial nestlings. For 
comparative purposes, the variables are listed in the 
same order for each day and species. 
We recommend a systematic approach when using 
the tables for aging nestlings, beginning with an 
initial filtering of possible age ranges using the 
information on the first page of each species account. 
These age ranges can then be further refined 
through the use of the daily descriptions.
measurements and terminology
It is important that measurements are taken 
in a standard format, using terminology that is 
consistent. The variables described below were 
taken for each species in this guide and are 
presented in the account tables. For several of the 
measurements used, we followed guidelines as 
described by Pyle (1997) or Baldwin et al. (1931). 
Measurements taken with electronic calipers are 
to the nearest 0.01 mm and measurements taken 
with a ruler are to the nearest 0.5 mm. Weight was 
measured with an electronic scale to the nearest 0.1 
g. A full treatment on the methods used to collect 
this data is provided in Appendix B. 
Feather definitions:
Apteria: The naked spaces found between the 
feather tracts.
Contour feathers:  The feathers of the head, body, 
and coverts excluding any remiges or rectrices.
Eruption: The breaking down of the pin sheath 
usually occurring at the distal tip of the pin, 
exposing the feather.
Neossoptiles: Down feathers present when a bird 
hatches.
Pterylae: Areas on the skin from which feathers 
grow; the feather tracts.
Papillae: A small projection of tissue usually 
used to describe feathers at an early stage of 
development prior to emergence from the skin.
Methods
methods
Fig. 1. Dorsal and ventral views of a nestling with the individual feather tracts marked and identified.6  A Guide to Nestling Development and Aging in Altricial Passerines
Fig. 2. Tarsus with measurement indicators at the 
tibiotarsus joint and distal end of the last leg scale.
Remiges: The flight feathers of the wing, 
including the primaries, secondaries, and tertials.
Rectrices:  The flight feathers of the tail.
Teleoptiles: All flight and contour feathers found 
on a bird.
Weight. –– Weight is taken by placing the bird 
directly on the scale (older chicks may need to 
be placed in a container). To reduce differences, 
this should be the last measurement taken so the 
nestling can defecate before weight is recorded.
Tarsus.—Tarsus is measured with calipers from the 
tibiotarsus joint to the distal end of the last leg scale 
before the toes emerge (Fig. 2). When it is difficult 
to see the end of the tibiotarsus joint, feel for it with 
fingertips; likewise, to find the last leg scale before 
the toes emerge, bend the foot and place one end 
of the calipers at the bend, checking that the bend 
is indeed at the distal end of the last leg scale. It 
may help to become familiar with the number of 
scales present on the ankle before the toes emerge. 
This helps because identifying the last leg scale can 
sometimes be difficult, especially in younger birds.
Wing chord.––Early in development, the wing is 
measured with a wing ruler from the bend of the 
wrist to tip of the distal segment of the forelimb. 
Once the primary pins have emerged, wing chord is 
measured with a wing ruler, unflattened, from the 
bend of the wrist to the tip of the primaries (Fig. 3).
Fig. 3. Wing chord as measured with a wing ruler, 
without flattening or pressing down on the wing.
Primary and rectrix pin lengths.––Pin lengths are 
measured with a ruler from the point of emergence 
from the skin to the end of the feather or pin (Fig. 4).
Fig. 4. Pin lengths as measured from the point of 
emergence from the skin.
Culmen.––Culmen is measured with calipers from 
the anterior end of the nostrils to the tip of the 
bill (Fig. 5). For practical reasons, the culmen in 
some species may need to be measured differently. 
Exposed culmen is an alternate measurement taken 
for some species and is measured along the ridge of 
the upper mandible from the tip of the feathers at 
the base of the bill to the bill tip. If you are uncertain 
about how to measure the bill in a species, you 
should consult the literature (Pyle 1997).
Fig. 5. The culmen as measured from nares to tip.
Eyes.––Eyes are described as closed, partially open 
when the eyelids begin to open, or fully open when 
they appear fully alert and exposed.
Total length.––Total length is a measure of body size 
and is taken from the tip of bill to the tip of the tail 
bud with the bird placed on its back along a ruler 
(Fig. 6). For consistency, the chick should be in a 
relaxed and natural position with its body and neck 
gently stretched out so that its bill is almost parallel 
with the ruler.
Fig. 6. Total length taken from the tip of the bill to 
the tail bud.
Longest broken primary.––The longest exposed 
primary (exposed feather portion only) is measured 
with a ruler from the point of emergence from the 
pin shaft to the distal tip of the feather itself (Fig. 7).
Fig. 7. The exposed portion of the longest broken 
primary as measured with a ruler.
Gape and rictus.––The gape (mouth opening) is 
measured with calipers at its widest length (Fig. 
8). The pliable tissue (rictus) at base of the bill     7 Results
should not be bent or squeezed by the calipers 
during measurement of the gape. The gape can 
grow quickly early in the nestling period and 
measurements can increase or decrease greatly 
between days as the rictal tissue contracts and 
expands. Hence, the gape should be both measured 
and used with caution.
Fig. 8. The gape as measured with calipers.
Physical and behavioral descriptors.––Examples 
of behavioral data include movement and begging 
behavior, opening of eyes, call notes, shivering, and 
reaction to the observer. We describe appendage 
movement abilities and begging behavior as very 
slow and weak, periodic; slow and weak, but steady;  
quick and uncontrolled, frequent; or quick and 
deliberate. Any sounds, skin or bill color, and notable 
changes in appearance are also described.
Species Account tables
Species information.—Species accounts start with 
nest-period information, important to aging nests 
found before hatching. Nest-period information 
includes means and ranges in clutch size, nest 
building time, incubation period, and nestling period. 
These parameters may vary temporally and spatially 
and are more accurate when calculated from your 
specific population (versus from the literature).
Indicator table.––This table provides an “at a 
glance” reference to prominent developmental 
events and their approximate day of appearance. 
Included are events that were found to be reliable 
for aging within one or two days and/or were easy to 
note visually. This table should be used together with 
the feather development table. The daily accounts 
can be consulted for more detail.
General feather development.––This table provides 
a quick reference to prominent feather development 
events and their approximate day of appearance. 
The general progression of feather development is 
shown to guide users to the approximate age range 
of nestlings. A range of possible ages should be 
selected using this table together with the indicator 
table described above. The daily accounts can then 
be consulted for more detail.
Key visual indicators.—List of visual descriptors 
we found to be prominent and reliable for each day 
that can serve to reinforce age estimates. Examples 
of descriptors include behavior, general appearance, 
color changes, etc. Typical dates for banding are 
noted here as are cautions regarding premature 
fledging (“jumping”).
Photographs.––A representative photograph is 
presented for each day. These photos can be used 
by field biologists to become familiar with the 
general appearance of the nestlings, including the 
appearance of key visual indicators and feather 
tracts. 
Feather tract data.––The percentage of individuals 
at a given developmental stage for each feather 
tract is presented. Feather development events are 
indicated respectively as “Not Visible - N”, “Visible - 
V” (below skin), “Pin - P” (above and broken through 
skin), “Unsheathing - U” (feather partially exposed), 
or “Fully Unsheathed - F” for each individual tract 
(Fig. 9).  The most advanced stage of a given feather 
tract is indicated. For example, a tract with exposed 
pins of which only a few are unsheathing is marked 
as U for unsheathing. Feather tracts are listed in the 
same order each day for ease of comparison across 
days. Tracts are listed beginning with the capital 
tract, then continuing posteriorly and ending with 
the ventral tract. The sample size in individuals is 
provided for each feather tract.
       Pin (above and broken through skin)
   
  
                Visible (below skin)
    Unsheathing (feather partially exposed)
Fig. 9. Example of feather development and 
appearance, using a Wrentit on Day 7.
Morphometric data.––Growth data (mean, standard 
deviation, and range) are presented for several 
measurements to provide indices of body size for 
each day. The sample unit is the number of nestlings 
measured.
General description.––A more complete description 
of the appearance of feather tracts and behavioral 
characteristics is given for each day of nestling 
development.8  A Guide to Nestling Development and Aging in Altricial Passerines
Species Accounts
Dusky Flycatcher 
Empidonax oberholseri
Data collection: Lassen National Forest, Tehama County, California.  Nests: n = 9 (2004)
Nest Period Data: No data
Building: No data
Clutch size:  No data
Incubation period:  No data
Nestling period:  No data
indicator table: Dusky Flycatcher visual characteristics typical at a given age.
No pins are visible  1
Alar pins in a band centered across wing  2 
Alar pins have grown towards posterior edge of wing  3
Alar pins have grown to the wing edge and may be    
  pushing out on skin  4
Alar pins have emerged  4-5
Eyes begin to open  5-6
Dorsal and ventral tracts begin to unsheathe  7
All feather tracts begin to unsheathe  8
Primary pins begin to unsheathe  9
Young appear feathered due to extensive unsheathing  10
Contrasting buffy wing bars are readily visible   10-11
Contour feather pins are not visible due to    
  extensive unsheathing  12
indicator characteristics  Age indicator characteristics  Age
General Feather Development:  Dusky Flycatcher feather tract development by day. Most advanced stage 
is indicated as N-Not visible (not pigmented), V-Visible below skin, P-Pins above skin, U-Unsheathing, or 
F-Fully unsheathed.
Day capital Dorsal humeral Alar Femoral crural caudal Ventral
1 N N N N V N N N N
2 N N N N V N N N N V
3 N V N V N V V N V N N V N V
4 V P V P V  P V P V P N V V P V P
5 V P P V P V P V P V P V P V P
6 P P U P U P V P V P V P P U
7 P P U P U P U P U P U P U P U
8 U U U U U U U U
9 U U U U U U U U
10 U U U U  U U U U
11 U U U U U U U U
12 U U U U U U U U
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Species Accounts
carolina Wren 
Thryothorus ludovicianus ludovicianus
Data collection location: Tennessee Valley Authority Reservation, Muscle Shoals, Colbert County, Alabama   
Nests: n = 3 (2001), n = 2 (2002), n = 16 (2004)
Nest Period Data (Haggerty and Morton 1995): Average (range), n = number of nests 
Building: no data
Clutch size: 4.3 (3 -- 6) eggs, n = 88 
Incubation: 14.8 (12 - 16) days, n = 16 
Nestling: 12.2 (10 - 16) days, n = 5 
indicator table: carolina Wren visual characteristics typical at a given age.
Alar pins in a band centered across wing  1
Down is matted or moist  1
Alar pins stretched towards posterior edge  2
Primaries and secondaries just emerged  3
Pins of humeral, dorsal, and capital tracts    
  appear ready to emerge  4
Eyes begin to open  4-5
Alar pin tips appear pale, ready to unsheathe  6
Alar pins begin to unsheathe  7
Pins of most tracts appear ready to unsheathe  7
Contour tracts except capital begin to unsheathe   8
All feather tracts clearly unsheathing  9
indicator characteristics  Age indicator characteristics  Age
General Feather Development:  Carolina Wren feather tract development by day. Most advanced stage is 
indicated as N-Not visible (not pigmented), V-Visible below skin, P-Pins above skin, U-Unsheathing, or 
F-Fully unsheathed.
Day capital Dorsal humeral Alar Femoral crural caudal Ventral
1 N N N V   V N N N N
2 N V N V N V   V P N N N V N V
3 N V N V N V   V P N V N V N V N V
4 V V V P P N V N V N V N V
5 V P V P V P P V P V P V P V P
6 V P V P V P P U V P V P V P V P U
7 V P U P U P U P U P U P U P U P U
8 P U P U P U U P U P U P U U
9 P U U U U U U U U
10 U U U U U U U U    21 Results
Species Accounts
Wrentit 
Chamea fasciata rufula
Data collection: Point Reyes National Seashore, Marin Co., California.   Nests: n = 2 (2003), n = 2 (2004), 
n = 7 (2005)
Nest Period Data: Average (range), n = number of nests
Building: 6-7 (3 - 14) days (Geupel and Ballard, 2002)
Clutch size: 3.6 (1 - 5) eggs, n = 733 
Incubation: 14.9 (11 - 18) days, n = 192 
Nestling: 14.6 (11 - 19) days, n = 242 
indicator table: Wrentit visual characteristics typical at a given age.
Alar pins centered on dorsal wing surface  1
Alar pins stretched towards posterior edge of wing  2
Crural tract just becoming visible  3
Alar pins have extended to the wing edge  3
Primary and secondary pins appear ready to emerge  4
Capital, dorsal, and humeral tracts just emerged  6
Eyes begin to open  6-7
Alar pin tips are pale, ready to unsheathe  8
Alar pins begin to unsheathe   9
Young appear soft due to extent of unsheathing  10
indicator characteristics  Age indicator characteristics  Age
General Feather Development:  Wrentit feather tract development by day. Most advanced stage is indicated 
as N-Not visible (not pigmented), V-Visible below skin, P-Pins above skin, U-Unsheathing, or F-Fully 
unsheathed.
Day capital Dorsal humeral Alar Femoral crural caudal Ventral
1 N V N V V N V N N V N
2 N V V V V V N N V N V
3 V V V V V N V V V
4 V V V V P V V V V
5 V V P V P V P V V V V P
6 V P V P U V P U P V P U V V P V P U
7 P P U P U P U V P U   V P U V P U P U
8 U U U P U U   V P U P U P U
9 U U U U U P U U U
10 U U U U U U U U
11 U U U U U U U U    27 Results
Species Accounts
Sprague’s Pipit 
Anthus spragueii
Data collection:  Bowdoin National Wildlife Refuge, Phillips County, Montana. Nests: n = 1 (2004).
Nest Period Data: Average (range).  n = number of nests
Building: No data
Clutch size: 4.6 (1 - 6) eggs, n = 123
Incubation: 12.2 (7 - 15) days, n = 85
Nestling:  13.1 (9 - 17) days, n = 17
indicator table: Sprague’s Pipit visual characteristics typical at a given age.
No feather tracts visible below skin  1
Feather tracts may be just visible as stippling    
  on skin or small dark spots  2
No data  3
Eyes partially open. Alar tracts beginning to emerge  4
Eyes appear fully open. Pin feathers are out on some    
  tracts  5
Pin feathers emerged on all tracts  6
Some tracts begin to unsheathe  7
All tracts begin to unsheathe. Primaries begin to    
  unsheathe  8
No data  9
Primaries are unsheathed about 1 mm   10
Sheathes on most feather tracts no longer visible or    
  obscured by feathers  11
indicator characteristics  Age indicator characteristics  Age
General Feather Development:  Sprague’s Pipit feather tract development by day. Most advanced stage is 
indicated as N-Not visible (not pigmented), V-Visible below skin, P-Pins above skin, U-Unsheathing, or 
F-Fully unsheathed.
Day capital Dorsal humeral Alar Femoral crural caudal Ventral
1 N N N N N N N N
2 V V V    V N N V
3
4 V V V P V V V V
5 V P P P P V V P
6 P P P P P P  P P
7 P U U P U P P U
8 U U U U  U  U U U
9
10 U U U U  U  U U U
11 U U U U U U U U
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Species Accounts
Song Sparrow
Melospiza melodia gouldii
Data collection: Point Reyes National Seashore, Marin County, California. Nests:  n = 11 (2004), n = 9 
(2005).
Nest Period Data: Average (range), n = number of nests
Building: No data
Clutch size: 3 (2 - 5) eggs, n =198
Incubation period: 13 (12 - 16) days, n = 40
Nestling period: 9 (8 - 12) days, n = 55
indicator table: Song Sparrow visual characteristics typical at a given age.
Alar pins in a band centered across wing  1
Alar pins have grown towards posterior edge of wing  2
Ventral tract appears as spots from furculum to mid chest 2
Some primary pins are just out  3
All primary and secondary pins are out  3-4
Outer primaries about 2mm long  4
Eyes just beginning to open  5
Some contour pins begin to unsheathe  5
Eyes appear fully open  5-6
Primary pins beginning to unsheathe  7
All feather tracts are unsheathing  7-8
indicator characteristics  Age indicator characteristics  Age
General Feather Development:  Song Sparrow feather tract development by day. Most advanced stage is 
indicated as N-Not visible (not pigmented), V-Visible below skin, P-Pins above skin, U-Unsheathing, or 
F-Fully unsheathed.
Day capital Dorsal humeral Alar Femoral crural caudal Ventral
1 N V N V N V V N V N V N N V
2 N V V N V V P N V N V N V N V
3 V V  P V P V P V P N V N V V P
4 V P V P V P P V P V P V P V P
5 V P P U P P V P V P V P V P U
6 V P P U P U P U V P U V P U V P P U
7 P U P U P U P U P U P U V P U P U
8 U U U U U U P U U    39 Results
Species Accounts
chestnut-collared longspur
Calcarius ornatus
Data collection:  Bowdoin National Wildlife Refuge, Phillips County, Montana.  Nests: n = 1 (2004), n = 1 
(2005),  n = 5 (2006)
Nest Period Data: Average (range), n = number of nests 
Building: no data
Clutch size: 4.1 (1 - 7) eggs, n = 764
Incubation: 11.0 (7 - 15) days, n = 553
Nestling: 11.3 (7 - 15) days, n = 166
indicator table: chestnut-collared longspur visual characteristics typical at a given age.
No feather tracts are visible  1
Alar, dorsal, and ventral tracts becoming visible  2
Alar pins have grown towards posterior edge of    
  wing and pressing on skin surface  3
Eyes begin to open.  Alar pins typically emerged  4
Pin feathers have emerged on all tracts  5
Pins begin to unsheathe.  Primary tips pale and ready to    
  unsheathe  6
Primary pins begin to unsheathe  7
All feather tracts are unsheathing  8
indicator characteristics  Age indicator characteristics  Age
General Feather Development:  Chestnut-collared Longspur feather tract development by day. Most advanced 
stage is indicated as N-Not visible (not pigmented), V-Visible below skin, P-Pins above skin, U-Unsheathing, 
or F-Fully unsheathed.
Day capital Dorsal humeral Alar Femoral crural caudal Ventral
1 N N N N N N N N V
2 N N V N N V  N N N N V
3 N V N V N V N V P N V N V N V V P
4 N V N V P N V P N V P V P N V P N V P V P
5 N V P V P V P V P V P N V P N V P V P
6 V P U P U P U P U P U V P U V P P U
7 P U P U P U P U U P U P U P U
8 U U U  U U U U U44  A Guide to Nestling Development and Aging in Altricial Passerines
Species Accounts
American Goldfinch 
Cardeulis tristis
Data collection: Point Reyes National Seashore, Marin County, California.  Nests: n = 4 (2004), n = 2 (2005).
Nest Period Data: Average (range), n = number of nests
Building: no data
Clutch size: 4.9 (4 - 6) eggs, n = 55
Incubation: 11.5 (10 - 17) days, n = 16
Nestling: 13.5 (11 - 16) days, n = 15
indicator table: American Goldfinch visual characteristics typical at a given age.
Alar pins are very light in color and difficult to see  1
Alar pins are light in color and centered    
  across the dorsal wing surface  2
Dorsal tract is visible as light gray pins  3
Eyes begin to open  4-5
Alar pins have grown to posterior edge of wing    
  and appear ready to emerge  4
Alar pins begin to emerge  5
Contour feather pins begin to emerge  6
Ventral tract has begun to unsheathe  7
Most contour feather tracts have begun to unsheathe  8
Primary pins begin to unsheathe  8-9
Capital tract pins are unsheathing   10
Young appear soft due to extent of unsheathing  11
Young appear very alert and can hop on the ground  11
indicator characteristics  Age indicator characteristics  Age
General Feather Development:  American Goldfinch feather tract development by day. Most advanced stage 
is indicated as N-Not visible (not pigmented), V-Visible below skin, P-Pins above skin, U-Unsheathing, or 
F-Fully unsheathed.
Day capital Dorsal humeral Alar Femoral crural caudal Ventral
1 N   N N N V N N N N
2 N N V N V V N N N N
3 N V N V N V V N V N N V N V
4 V V V V V N V N V V
5 V V V P V V V V P 
6 V V P V P P V P V P V P V P
7 V P P P P P U V P V P P U
8 P P U P U P U U P U P U U
9 P U U U U U U P U U
10 U U U U U U U U
11 U U U U U U U U    51
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These protocols were followed during the creation of 
this guide. These can be used as general guidelines 
by those wishing to assemble aging information for 
a particular study species. Templates for data sheets 
and a database can be found online at: www.prbo.
org/tools/nestlings. 
General guidelines.––When beginning to 
collect nestling growth data, there are several 
considerations to take into account. Consider how 
many nests are expected to be found for each 
species, for how many seasons data will be collected, 
and how much time is available for data collection. 
If possible, it may be a good idea to review nest-
finding rates from previous seasons. This will 
provide an estimate of how many nests will be found 
before hatching. Remember that many nests will 
likely be found after they have already hatched. 
We recommend collecting data over at least a two-
year period to increase sample size and because of 
the variability in growth that can occur between 
years. If only one year of data collection is possible, 
it may be prudent to focus on a single species in 
order to attain a larger sample size. Other time 
considerations include travel time to and from the 
site(s), nest accessibility within the study plot, and 
daily data entry.
Protocols.––Only data for young of known age 
should be recorded; nests found with young should 
not be used unless you are positive that they had 
just hatched (young are egg size with moist down, 
eggshells still in nest) or are actively hatching. Nests 
found before or during egg laying should be checked 
daily as the expected hatch date approaches. This 
ensures that the opportunity to measure nestlings 
on Day 1 is not missed and that the ability to know 
nestling age with certainty is not lost. In this guide, 
the first day that nestlings are found to have hatched 
is considered Day 1, even though they may have 
hatched during the evening. Some in the literature 
call this Day 0. When possible, nests should be 
checked in the late morning or afternoon to avoid 
missing the hatch date. During nest checks, eggs 
should be checked carefully for signs of hatching 
(cracked shells). Prior to approaching nestlings, 
a location for taking measurements is chosen and 
equipment prepared. 
Photographs.––Photographs of nestlings add a great 
deal of practicality to any aging guide. Biologists out 
in the field can use the photos as a quick reference 
when finding or checking nests. Photos can also 
be studied before the field season begins, allowing 
familiarization with the appearance of young before 
the first nests are found. Nestlings are placed with 
a lateral side toward the camera on a standard 
light gray or non-reflective sheet of paper. A ruler 
showing millimeters is placed just below and 
parallel to the nestling. The unique ID number for 
each nestling and the nest day is written near the 
nestling. The photos are taken as close as possible to 
the nestlings (macro mode) while still allowing for a 
clear focus and inclusion of the ruler and ID. At least 
two photographs (often more to assure clear focus) 
should be taken, one vertically above and one along 
the nestling’s profile. Before taking photographs, 
be sure you are comfortable and familiar with your 
camera. Pay attention to lighting conditions. When 
using macro mode on the camera, pay particular 
attention to its focusing abilities and depth of field 
range.
Equipment.––Clipboard, data sheet, background 
sheet (for photographs), pens, non-toxic permanent 
marker (or string), electronic calipers, small ruler, 
wing rule, electronic scale, camera, cloth bird bag.
Precautions.––Precautions should be taken to 
minimize disturbance around a nest. When possible, 
nestlings should be measured within a similar time 
window each day, avoiding the early mornings or 
late afternoons, which are critical feeding periods. 
Nestlings should be kept away from exposure to 
direct sun or winds, and monitored closely and 
returned to the nest if their health seems at risk 
(heavy panting, shivering, wet conditions). Nestlings 
should not be measured during very hot, cold, or 
wet days. We found that two to three nestlings 
in relatively accessible nests could be measured 
and photographed within about 20-25 minutes of 
being removed. If it is taking any longer than this, 
measurements should be taken in priority order as 
time allows (See “Variables used for aging” above). 
Removing and returning nestlings.––Nestlings 
should be visited daily, or every other day if daily 
visits are not possible. If the latter, measurements 
for some nests should begin at day two. Alternatively, 
if sample size allows, nest visits can be staggered 
between nests, making sure to attain data from 
each nest day. Young are placed in a cloth bag 
and transported outside of the parent’s territory. 
All young are collected initially, but only two are 
marked and measured from each nest. These two 
are selected from the bird bag during the first visit 
by simply reaching into the bag and using the first 
two nestlings reached. In subsequent visits, it is only 
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necessary to remove these two marked individuals 
from the nest. In some cases, however, it may be 
easier to remove the entire brood during each visit. 
In a few cases, marked nestlings disappeared from 
the nest. In these cases, a third nestling of known 
age may be marked and measured from that point 
on. Nests with older nestlings should be approached 
cautiously to help prevent premature fledging. When 
older nestlings are replaced, a hand can be kept 
over them until they settle down to help prevent 
premature fledging. It is best to use great caution or 
not measure them after this point.
Nestling identification.––Nestlings are marked on 
toenails or toes on a specific foot (left or right) or 
with a specific color using a non-toxic permanent 
marker, or by tying a short loose colored string 
around the leg (excess string trimmed). In many 
cases nestlings may need to be re-marked on a daily 
basis to ensure accurate identification. Each nestling 
is given a unique ID, with the following data: species 
(AOU code), plot, nest number and attempt, marked 
foot (L or R), and year (e.g., BAIS G2 11A L 2004 for 
a Baird’s Sparrow from plot G2 nest #11 attempt A 
marked on the left foot and measured in 2004 ). This 
is written on the top of all the data sheets for each 
individual, and nest age should be included on each 
photograph as noted in Fig. B-1. 
AGe       SPecieS     Plot   NeSt #      Foot       YeAr
   
1             BAiS           G2          11A           r or l        2004
Fig. B-1. An example of systematic labeling of data 
sheets and photographs which uniquely identifies 
each nestling and their age. 
Banding Young.—When banding nestlings is one of 
the study objectives, nestlings should be banded at 
an appropriate time to avoid injury or premature 
fledging prior to banding. For many species feather 
development, along with behavioral clues, are 
usually accurate enough alone to guide time of 
banding. The unsheathing of the alar pins may 
coincide well with the first day a nestling can be 
banded safely (i.e., proper leg size for bands). Note 
that nestlings that are handled may fledge sooner 
than normal (Pereyra and Morton 2001).U.S. Department of the interior
U.S. Fish & Wildlife Service
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